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Abstract - In this paper a FinFET based 8T SRAM design is presented on 22nm technology. This circuit is mainly governed 
by the control switch CS, which is highly responsible for reduction in leakage current, thus resulting in a very low leakage 
power of 0.331pW. Also, this design utilizes the functioning of a read buffer, which results in improved read delay of 0.16ns, 
reduced read current of 4.838µA along with enhancing the Read Static Noise Margin (RSNM) with a value of 495mV, thus 
enhancing the reading ability of the circuit and operating at a minimal voltage of 70mV. It also explains the energy 
efficiency of the circuit in read and write modes, thus also greatly improving the average energy consumption of 1.2fJ of the 
circuit. 
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I. INTRODUCTION 
 
Rapid scaling of Complementary Metal Oxide 
Semiconductor (CMOS) technology to lower 
technologies has led to enhanced integration density.  
But with the scaling of technology towards lower 
channel lengths, there arises enormous increase in the 
wastage of energy because the leakage current in the 
circuit rises. This in turn results in stand-by power 
consumption, i.e., the power loss when the circuit is 
not in operational mode or idle mode. Hence the 
fraction of leakage power rises in the total power 
budget [1]. Moreover, it is very important to operate 
in sub-threshold region so as to maximize energy 
efficiency but CMOS are very vulnerable to this 
region and suffer from Short Channel Effects (SCE). 
Moreover process variations also hinder the memory 
operation in the sub-threshold region. These kind of 
issues arise due to the poor channel controllability in 
the sub-threshold region that contribute to enhanced 
sensitivity occurring in the process variation [2]. To 
suppress the SCE and to reduce the leakage power, 
many different types of solutions were presented, 
including: strained silicon, hetero-devices, Silicon-
On-Insulator (SOI), Fin-shaped Field Effect 
Transistors (FinFETs), and Micro-Electro-
Mechanical Systems (MEMS). Due to the most 
effective channel controllability, which in turn helps 
to suppress SCE along with lowering of the leakage 
current and providing a better ON current along with 
reduced random dopant fluctuations (RDF), FinFET 
devices are acted upon as an important candidate in 
lower nanometer technologies owing to their thin 
body and 3D structures [3, 4]. 
Still, new device solutions available possess a couple 
of challenges of conventional devices for their 
successful working in the sub-threshold region. 
Generally, it requires some more number of steps in 
the device abstraction process leading to greater 

sensitivity to process variations due to increased 
unpredictability in Nano-scale regime. Despite the 
fact that the FinFETs have the ability to reduce 
threshold voltage (Vth) variation, many memory 
storage units are still considerably susceptible to the 
inconsistency owing to the fact that they possess a 
very small size resulting in dense integration, while 
not compromising upon its performance and 
reliability [5]. One of the available solution is the 
Dynamic Random Access Memory or the so called 
DRAMs. They have an advantage over its alternatives 
that they does not require to refresh data regularly as 
the data is stored on a capacitance. But this reduced 
the speed as time is taken in refresh process and also 
enhances the total power required by the circuit. So a 
better alternative is Static Random Access Memory 
(SRAM) can hold the data because of internal 
positive feedback and are faster as there isn’t any 
requirement of refreshing data [6]. Also, SRAM cells 
have stronger data stability and a higher write voltage 
margin at lower power supply voltages and thus are 
more in demand due to better effectiveness. It forms a 
part of almost every electronic device including 
portable electronics, micro-sensors, radio frequency 
identification, laptops, cell phones and cameras and 
many more, hence being the backbone of many 
different applications in very large scale integration 
(VLSI) area [7, 8]. 
The conventional 6T SRAM cell has good area 
density and performance in 90nm, 65nm, and 45nm 
technologies, however the aforementioned results are 
only applicable for supply voltages above 0.8V. 
Hence the traditional circuit cannot work efficiently 
in the sub-threshold region, resulting in the 
deterioration in the quality of hold stability, read 
stability, and write ability [9]. Moreover, there is also 
a need to minimize energy utilization of memory, so 
we need to decrease the minimum operating voltage. 
Also SRAM cell spends the majority of its time in the 
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standby mode as they need to retain their data for 
some definite amount of time, which leads to increase 
in leakage power and leakage current that needs to be 
minimized [10]. Cell stability has the ability to 
determine the sensitivity of the memory to process 
tolerances and operating conditions and therefore is 
mostly given in the terms of Static Noise Margin 
(SNM), which is the maximum value of DC noise 
voltage that can be tolerated by the SRAM cell 
without changing the stored bit. This factor needs 
improvement especially in the read mode when the 
data is being read from, i.e., read static noise margin 
(RSNM). There needs to be a design which can 
provide the best tradeoff among these parameters 
without disturbing its proper functionality [11, 12]. 
The structure of the paper is as follows. In Section II, 
existing challenges related to SRAM cells are 
discussed. Section III explains the various 
characteristics of proposed design. In Section IV, 
simulation setups along with comparative analysis is 
presented. Finally, Section V involves conclusion of 
the paper along with the future work. 
 
II. SRAM CELL STRUCTURES 
 
2.1. Traditional 6T SRAM Cell 
The circuit initially introduced has many 
vulnerabilities and thus it was a difficult task to store 
data when there was a scaling of technology from 
micrometers to nanometers. As shown in fig. 1 this 
design was not able to function properly at lower 
supply voltages, making it difficult to reduce the 
power consumption of circuit [13]. Also, it has poor 
write ability as there exists access transistor sizing 
which doesn’t allow the weak access transistors to 
interrupt the feedback loop to write data. Moreover, if 
the conditions of process variations are considered, 
the impact is much more severe, leading to low Read 
Static Noise Margin (RSNM) and small Write Noise 
Margin (WNM), which may cause read and write 
failures [14]. 
 

 
Fig.1.Traditional 6T SRAM Schematic (Balwinder Raj et al., 

2011) 
 

So due to failure of the traditional SRAM design in 
many aspects, further research was conducted to find 
a design which could solve its drawbacks [15]. 
2.2. Conventional 8T SRAM cell 
Fig. 2 shows the design of the conventional 8T 
SRAM. The main conception of this design was to 
provide different paths for read and write operation 
while also isolating the read buffer of memory from 
its storage nodes. During a read operation, storage 
node changes semi output node without causing any 
variation in the voltage [16]. 
 

 
Fig.2. Conventional 8T SRAM Schematic. 

 
But still there were some issues that continued to take 
place in this design, namely high amount of power 
consumed by the circuit along with larger delays than 
expected used to occur. So there was a need to further 
research upon and find better solutions to the existing 
problems [17]. 

 
2.3. Other Existing SRAM Cells 
With time, many more researchers proposed different 
designs that could help to overcome problems. Some 
worked upon to optimize the read buffers while some 
improved its write noise margin while others 
improved delay and power characteristics [18]. Many 
new concepts were proposed in order to enhance the 
read and write ability of the memory by using either 
sleep transistors or power gated circuits or even by 
utilizing the basic concepts of pass transistors and 
transmission gates. Some researchers’ designs led to 
increased cell heights, thus increasing the amount of 
power consumption [19]. Some increased the number 
of transistors in the circuit to combat power issues but 
compromised area involved [20]. Some tried to lower 
down the supply voltage to reduce leakage power. 
Though the dynamic voltage scaling is helpful in 
reducing power loss but it comes at the cost of data 
stability and write ability resulting in functional 
failures including read, hold and write failure 
resulting into yield loss [21]. Some reduced the 
amount of leakage in the circuit by removing idle 
gates from the circuit. There is another solution to 
save power and that is to reduce the device 
dimensions but it again leads to degradation the data 
stability and write ability of SRAM cells [22].The 
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concept of stack transistors was an innovative idea 
but this increased the resistance between supply 
voltage and ground, thus increasing the amount of 
leakage current [23]. But still there is a need to 
improve overall cell stability of the circuit without 
compromising its area, power and delay. 
 
III. PROPOSED SRAM CELL 
 
Majority of the VLSI applications have area and 
speed as the prime factors defining performance.  But 
recently the modern gadgets require energy efficient 
construction because of many aspects, namely 
increasing leakage currents, power loss and 
reliability. In this proposed FinFET based 8T SRAM 
circuit, read and write operations have different paths 
for its operation, so that they do not interfere with 
each other’s working. There also exists an extra 
transistor in the internal latch which is controlled by 
Control Switch. This switch is used to minimize the 
leakage current and leakage power in the idle state as 
well as maximize read ability of device. Table 1 
explains the control signals that are given for 
different modes of operation. 
 

Operation 
Mode 

Control 
Switch 
(CS) 

Write 
Word 
Line 

(WWL) 

Read 
Word 
Line 

(RWL) 
Read 1 0 1 
Write 1 1 0 

Hold 0 0 0 
Table 1: Control Signals for Different Modes 

 
These signals control the functionality of the circuit 
and are hence responsible for the outputs provided by 
the circuit. Read bit line, word bit line and resulted Q 
and QBs are governed with the help of word lines and 
CS. Fig. 3 shows the schematic representation of the 
proposed design of the SRAM cell. 

 
Fig.3. Proposed 8T SRAM Schematic. 

 
There exist three different modes for the operation of 
SRAM device, namely read, write and hold mode, 
which are further explained in this design. 

3.1. Read Operation 
In this mode, the circuit is managed with the help of 
read buffer, comprising of PM0 and NM0. The pmos 
of buffer is connected to the internal latch of the 
memory cell, while the nmos is connected to the read 
bit line which controls the data to be written upon the 
cell. This internal latch comprises of an extra nmos 
NM3, controlled by a Control Switch CS. This switch 
is turned on and act as a closed switch during read 
mode, thus resulting in higher RSNM. Thus, there is 
no hindrance in the storage of data and the read 
operation is performed successfully. 
3.2. Write Operation 
The write operation is performed with the help of 
word bit line WBL along with the access transistor 
NM4. The extra bitline that was used in the 
conventional designs has been removed so as to avoid 
excess leakage of power within the circuit, without 
compromising its functionality, i.e., there does not 
occur any write failure when the data is being written 
into SRAM cell. 
3.3. Hold Operation 
This mode is very essential for effective working of 
the circuit. In this state the cell is supposed to retain 
its previous data without letting out the flow of 
power. This design tries to minimize the leakage 
power as well as leakage current with the help of 
NM3 available in the latch circuitry. This nmos is 
responsible for the extra resistance path that can be 
effectively utilized by switching CS to logic 0. It 
hence creates a barrier to the flow of leakage current 
due to high impedance, thus minimizing the amount 
of leakage power as well as maximizing the battery 
life of the device. 
 
IV. DESIGN SIMULATION 
 
SRAM cells have become an immensely important 
part of almost every electronic gadget. Designing of 
these memory cells requires utmost care when 
considering their transistor parameters. Table 2 shows 
the parameters along with their values for FinFETs 
based SRAM cell. 
 

 
Table 2:FinFET Parameters 

The proposed work regard the schematic design to 
study its behavior in Nano-scale technology node 
with the help of Cadence Virtuoso (Virtuoso V.6.1) 
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and BSIMCMG 110.0.0 model for FinFETs using 
22nm technology. Analog simulation of designed 
SRAM cell has been performed to ensure that there 
doesn’t exist any read or write failures. Fig. 4 and fig. 
5 provide the Transient and DC response of design to 
assure the proper operability of the device. 
 

 
Fig.4. Proposed 8T SRAM Transient Response. 

 

 
Fig.5. Proposed 8T SRAM DC Response. 

 
Fig. 6 shows the power response for the proposed 
circuit in the 22nm technology node using FinFET 
technology. 

 
Fig.6. Proposed 8T SRAM Power Response. 

These analysis confirm the working capability of the 
circuit without causing any interference in the 
improvisation of power, delay and energy parameters. 

V. RESULT ANALYSIS 
 
This work is used to modify some of the existing 
designs with the utilization of FinFETs. As power 
and delay are the most eminent parameters to ensure 
the efficient working of any device, thus they are 
analyzed as the fundamental metrics of evaluation 
and thus are taken care of. Moreover the 
improvement in these two parameters leads to 
optimization in terms of energy in both the active 
modes i.e., read and write mode. The incorporation of 
the designed SRAM cell will also be carried out for 
low power low delay design. There are different 
parameters upon which the proposed work is 
compared with the existing designs. 
5.1.Leakage Analysis 
Due to the ultra-scaling of transistors, short channel 
devices have leakage occurring in the circuit. There 
are many reasons for it, but they are broadly 
classified into three types: 
5.1.1. Junction Leakage 
The reversed biased P-N junction leakage has 
minority carriers’ diffusion near the edge of the 
depletion region and the electron-hole pair generation 
in the depletion region of the reverse biased junction. 
As it is not really responsible to the total leakage 
current so it is not necessary to decrease this 
parameter [24]. 
5.1.2. Sub-Threshold Leakage 
It is defined as the drain-source current of a transistor 
when the gate-source voltage is less than the 
threshold voltage. It is the most influential parameter 
in deciding the majority of leakage in the circuit. It is 
given by equation (1) 
 

 
 
µ0is the zero bias mobility, Cox is gate oxide 
capacitance, W and L symbolize width and length of 
transistor, k is Boltzmann Constant, T is absolute 
temperature, q is charge of electron, while η is Drain 
Induced Barrier Lowering (DIBL) coefficient. 
5.1.3. Gate Tunneling Leakage 
It mainly comprises of two major tunnelling currents: 
Fowler–Nordheim tunnelling (FNT) and direct 
tunnelling (DT). FNT is decreased in nanometer 
devices because of scaling the voltage in ultra-low 
power design that works in the sub-threshold 
operation region of MOSFET. FNT current through 
the gate oxide as shown by Equation (2) is related to 
the field applied to the gate oxide. 
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The low field across the gate oxide due to DVS is not 
enough for FNT current in the sub-threshold region, 
so this portion of gate leakage is suppressed in sub-
threshold designs. Also it is very easy to remove DT 
with the help of new materials being used in the 
circuits [25]. 
The current leakage components, thus result in 
leakage of power within the circuit. The standby 
leakage power is measured at minimum supply 
voltage where 6σ hold stability is assured. Also while 
measuring leakage component, bit lines are activated 
while the wordlines are deactivated. Table 3 shows 
the comparison of the proposed design in terms of 
leakage power flowing in the circuit. 
 

 
Table 3:Leakage Power Comparison Analysis 

 
5.2.Read Delay and Vmin 
Read Delay (TR) is defined as the time delay between 
50% wordline activation and the time at which the 
sense amplifier activates. It can also be defined as the 
time difference between read word line is activated 
and the time when bit line discharges to Vdd/2. It is 
directly dependent on the supply voltage as well as 
the current flowing in the circuit during read mode 
(Iread).  If it is unable to activate the sense amplifier 
within a defined time then the read failure occurs, 
which needs to be avoided.  There is also exists 
another important parameter for the successful 
operation of SRAM circuits i.e., minimum supply 
voltage at which the SRAM does not compromise its 
operability. This is known as Vmin of the circuit. 
Table 4 shows the comparison of the suggested 
design with the existing literature in terms of 
minimum operating voltage required for desired 
working along with the delay occurring in its read 
mode, as the maximum emphasis of design is in 
improving the reading ability of the circuit. 
 

 
Table 4:Read Delay and Vmin Analysis 

 
Comparison of the proposed circuit with existing 
ones shows that the read delay is significantly 
reduced with the proposed design of SRAM cell 

while the minimum voltage required for its operation 
has also reduced. 
5.3.Read Metrics 
There are some more parameters that need to be 
optimized in order to ensure the read stability of the 
circuit. These include RSNM and Read Current. 
RSNM is defined as the maximum tolerable dc noise 
voltage at each storage node before causing a read 
failure. It is measured by two methods to find metric 
value, either using read voltage transfer 
characteristics (VTC) or by utilizing N-curve. In this 
paper N-curve is used to find the RSNM because it 
provides both current and voltage information 
regarding readability of circuit as well as read power 
noise margin (RPNM), which defines the maximum 
tolerable noise power at that node before causing read 
failure. Also, it is important to measure the amount of 
current flowing from bit lines to a certain node, 
during read mode. This current is responsible for the 
discharging of bit lines so as to activate sense 
amplifier. Equation 3 shows the inverse relation of 
read current with read delay TR. 

IREAD = ΔVBL CBL/ TR                       (3) 
where CBL is the capacitance of bit line and VBLis the 
voltage of the bit line. Table 5 shows the comparison 
of Iread and RSNM with the existing design for 22nm 
technology. 
 

Parameter Ref [5] Proposed Work 

RSNM (mV) 205.70 495 
IREAD (µA) 69.62 4.838 

Table 5:Read Metrics Analysis 
 
The comparative analysis of the proposed design has 
higher RSNM, which is important because higher 
RSNM means higher read ability of designs, while 
the read current should be less as it defines the 
current required to discharge the bit line so as to be 
sensed by the amplifier. 
5.4.Energy Consumption 
The major part of absolute energy of SoC is 
influenced by the SRAMs, so lowering the SRAM 
energy utilization is critical in real time applications. 
It decides the practicality of any circuit and decides 
its effectiveness to be implemented into chips. Table 
6 shows that the proposed design is much more 
optimized in terms of read energy, write energy and 
Average energy. 
 

Parameter Ref 
[28] 

Ref 
[29] 

Ref 
[30] 

Proposed 
Work 

Read Energy 
(pJ) 0.56 0.71 0.39 0.0011 

Write 
Energy (pJ) 1.57 0.97 0.80 0.0013 

Average 
Energy (pJ) 

1.06
5 0.84 0.59

5 0.0012 
Table 6:Energy Comparison Analysis 
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The proposed design controlled by the control switch 
is able to save lots of power during the idle state, thus 
reducing the amount of leakage power drastically. 
This design is also able to enhance the speed of read 
operation by reducing the delay to be minimal. It has 
also enhanced the read, write and average energy of 
the circuit to the maximum, thus providing a good 
solution as compared to the existing FinFET based 
SRAM cells. 
 
CONCLUSIONS 
 
The design of FinFETs based SRAM cells using 8 
transistors is proposed.  FinFET transistors are 
utilized as they are well known as a replacement for 
the conventional planar CMOS technology because of 
enhanced channel controllability. Even with the 
technology scaling down of technology, does not 
have much of an impact on the functionality of the 
device. FinFETs when used in the SRAM circuit, 
helps to reduce the amount of leakage power in the 
circuit as they are less vulnerable to pressure, voltage 
and temperature (PVT) variations. The FinFETs 
based 8T SRAM cell is able to work properly even in 
the deep sub-threshold areas, much below the supply 
and threshold voltages. It is also possible to reduce 
the amount of the supply voltage to a minimal level, 
which means it requires a very small amount of 
voltage to run its operations. Performance analysis of 
the suggested design with the existing ones shows 
that this circuit is power, delay and energy efficient in 
all the active modes i.e., read and write modes. The 
circuit has optimized read ability, i.e., the design is 
able to reduce the amount of required current for the 
sense amplifier to change its state, when operating in 
read mode. It has also increased the RSNM of the 
SRAM cell, thus leading to enhance readability while 
also preventing the leakage of power in idle state. 
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